An adaptive tunable vibration absorber using magnetorheological elastomers for vibration control of vehicle powertrains by Hoang, N
University of Technology, Sydney
AN ADAPTIVE TUNABLE VIBRATION ABSORBER USING 
MAGNETORHEOLOGICAL ELASTOMERS FOR VIBRATION 
CONTROL OF VEHICLE POWERTRAINS
By
Nga Hoang
Submitted in fulfilment of the requirements for the degree of
Doctor of Philosophy
Faculty of Engineering and Information Technology 
June, 2011
CERTIFICATE OF AUTHORSHIP/ORIGINALITY
I certify that the work in this thesis has not previously been submitted for a degree nor 
has it been submitted as part of requirements for a degree except as fully acknowledged 
within the text.
I also certify that the thesis has been written by me. Any help that I have received in my 
research work and the preparation of the thesis itself has been acknowledged. In 






I would like to thank my principal supervisor Professor Nong Zhang for his supervision 
and support during my thesis. His helpful advice is invaluable for me not only in the 
PhD course but also in my further studies.
I would also like to thank my co-supervisor Dr. Haiping Du for his guidance. Under his 
supervision my research skills have improved significantly. His careful review has also 
helped me a lot during this work. It is my pleasure to work with him.
The support from Professor Weihua Li and Tongfei Tian, University of Wollongong is 
greatly appreciated. The author also would like to thank Professor Peter Watterson, 
Chris Chapman, Michael Tran and Lifu Wang for their technical support during the 
experimental testing stage.
A special thanks to Dr. Wade Smith and my colleagues Paul Walker, Jin Zhang, Salisa 
Abdul Rahman, Yoo Shin Kim, Jing Zhao and Robert Heal for their great friendship at 
the University of Technology, Sydney.
I would like to sincerely thank Vietnam’s Overseas Scholarship Program (Project 322), 
Vietnam International Education Development, Vietnam's Ministry of Education and 
Training for the doctoral scholarship. Also, the financial support by the Australian 
Research Council (ARC LP0775445) is gratefully acknowledged.
Special thanks to my parents, sisters and brothers and other members of my family for 
their support and encouragement. Particularly, thanks to my son, Viet Hoang, and my 
little daughter, Ngan Hoang for their love.
Finally, I would like to give special thanks to my wife, Thi Yen Hoang, who has stood 









List of Figures ...................................................................................................................................... xiii
List of Tables ..................................................................................................................................... xvii
Chapter 1 INTRODUCTION........................................................................................................... 1
1.1 Overview of this work............................................................................................................. 1
1.2 Motivation and significance of the thesis.............................................................................2
1.3 Objectives of the thesis............................................................................................................3
1.4 Contributions............................................................................................................................4
1.5 Methodology........................    4
1.6 Outlines of thesis..................................................................................................................... 6
Chapter 2 LITERATURE REVIEW...............................................................................................8
2.1 Introduction..............................................................................................................................8
2.2 Torsional vibration........................................................................................................  8
2.3 Powertrain system and its torsional vibration...................................................................10
2.4 Traditional TV As.................................................................................................................. 14
2.5 Magnetorheological elastomers..........................................................................................17
2.5.1 Traditional MREs........................................................................................................ 18
2.5.2 Enhanced MREs.......................................................................................................... 19
2.5.3 New MREs...................................................................................................................20
2.6 Adaptive tunable vibration absorber using MREs.......................................................... 21
2.7 Identification of gap in current knowledge.......................................................................23
2.8 Summary................................................................................................................................ 23
Chapter 3 THE MR ELASTOMER, ITS MODELS AND APPLICATION FOR
DEVELOPING ATVAs......................................................................................................................... 24
3.1 Introduction............................................................................................................................24
3.2 Fundamental features of MREs...........................................................................................24
3.3 MRE viscous model............................................................................................................. 26
3.4 MRE Viscoelastic model...................................................................................................... 31
3.5 MRE equivalent stiffness for developing of ATVA....................................................... 35
3.5.1 Translational motion of MRE sample......................................................................35
3.5.2 Angular motion of MRE sample...............................................................................35
3.6 Summary................................................................................................................................ 36
Chapter 4 MATHEMATICAL BACKGROUND OF DYNAMIC ABSORBERS..............37
4.1 Introduction............................................................................................................................37
4.2 Undamped dynamic absorber.............................................................................................37
4.3 Damped dynamic absorber................................................................................................. 39
4.4 Summary................................................................................................................................43
Chapter 5 ATVA FOR POWERTRAIN STEADY STATE VIBRATION REDUCTION
44
5.1 Introduction........................................................................................................................... 44
5.2 A soft MRE and its characteristics..................................................................................... 45
5.3 A novel ATVA for powertrain vibration control.............................................................46
5.3.1 A simplified powertrain model and its vibration characteristics......................... 46
5.3.2 Structure of the proposed ATVA............................................................................. 49
5.4 Numerical simulations.........................................................................................................54
5.4.1 Parameter influence on ATVA’s effectiveness, a case study for the first gear. 54
5.4.2 The influence of ATVA location on its effectiveness...........................................60
5.4.3 Vibration of ATVA.....................................................................................................63
5.5 Discussion....................................  64
5.5.1 Limitations...................................................................................................................65
5.6 Summary................................................................................................................................ 67
Chapter 6 A DUAL ATVA FOR POWERTRAIN STEADY VIBRATION REDUCTION
.......................................................................................................................................68
6.1 Introduction............................................................................................................................68
6.2 A powertrain simplified vibration model.......................................................................... 69
6.3 A proposed dual ATVA.......................................................................................................71
6.4 A proposed model of soft magnetorheological elastomer...............................................72
6.5 Dual ATVA for suppression of powertrain vibration..................................................... 74
6.5.1 The ATVA frequency................................................................................................. 74
6.5.2 Application of dual ATVA for dealing with a single resonance of powertrain 76




Chapter 7 ATVA FOR POWERTRAIN TRANSIENT VIBRATION REDUCTION........ 85
7.1 Introduction............................................................................................................................85
7.2 Background............................................................................................................................85
7.3 Powertrain torsional vibration model for transient state.................................................86
7.3.1 Transient excitation torque model............................................................................ 87
7.4 ATVA for powertrain transient vibration control.....................................................
7.4.1 A new magnetorheological elastomer and its proposed viscoelastic model
7.4.2 Frequency of the proposed ATVA design........................................................
7.4.3 Application of the ATVA for powertrain vibration reduction......................
7.5 Tuning ATVA frequency and numerical simulations..............................................
7.5.1 Definition of resonance area..............................................................................








8.3 A magnetorheological elastomer...............................................................................
8.3.1 MRE preparation..............................................................................................
8.3.2 Measure Young’s modulus..............................................................................
8.3.3 Measure damping ratio....................................................................................
8.3.4 Experimental results of Young’s modulus and damping ratio....................
8.4 Mechanical design.......................................................................................................




Chapter 9 EXPERIMENTAL VALIDATION...............................................................
9.1 Introduction...................................................................................................................
9.2 Measurement of magnetic field of ATVA magnetic circuit.................................
9.2.1 Experimental set-up...........................................................................................
9.2.2 Experimental results...........................................................................................
9.3 Measurement of ATVA frequency...........................................................................
9.3.1 Experimental set-up...........................................................................................
9.3.2 Experimental results...........................................................................................












































Chapter 10 SUMMARY, CONCLUSIONS AND RECOMMENDATIONS....................140
10.1 Summary of thesis..............................................................................................................140
10.2 Contributions of this thesis............................................................................................... 142
10.3 Recommendation for further studies................................................................................. 145
Appendix A ...................................................................................................................................... 148
Determination of powertrain vibration features................................................................................148
Al. Equation motion of powertrain without ATVA....................................................................148
A2. Equation motion of powertrain with ATVA at location A..................................................150
A3. Equation motion of powertrain with ATVA at location B.................................................. 151
A4. Equation motion of powertrain with dual ATVA................................................................ 151
A5. Solution to free vibration of powertrain............................................................................... 152
A6. Solution to steady state response of powertrain under harmonic excitation...................153
A7. Solution to transient response of powertrain using numerical integration......................154
Appendix B ...................................................................................................................................... 155
Inertia moment of a cylinder with a centred circular hole.................................................................155
Appendix C ...................................................................................................................................... 156




Powertrains are a crucial subsystem of vehicles and are also a source of the vibration. 
Because of the wide range of operating frequencies of powertrain, the likelihood of the 
engine working speed being in the resonance area is very high. Moreover, the resonance 
cannot be avoided when the engine speed passes through one or more modal powertrain 
frequencies in the transient stage. An example of the transient stage is that the engine 
accelerates from idle to top working speeds. Consequently, powertrains may experience 
a high level of vibration.
This thesis presents the development of torsional adaptive tunable vibration absorber 
(ATVA) using magnetorheological elastomers (MREs) for powertrain vibration control. 
The effectiveness of the ATVA is examined by both methods: numerical simulations 
and experimental testing.
The MRE is a smart material consisting of a host matrix and magnetic particles and the 
MRE material is promising for constructing ATVAs because its elastic moduli and 
damping can be controlled magnetically. Consequently, a MRE-based ATVA can work 
in a wide frequency range instead of a narrow bandwidth as a traditional vibration 
absorber does.
The principal idea of this thesis is that by tuning the MRE-based ATVA modal 
frequency and by choosing the ATVA location, powertrain modal frequencies can be 
actively shifted away from the resonant area for either steady or transient states. 
Numerical simulations are conducted to show the ATVA’s effectiveness. In addition, 
the application of multiple ATVAs for dealing with multi-harmonic excitations is 
numerically examined. The numerical simulations are also used to facilitate the ATVA 
design, in which, the effect of ATVA parameters such as moment of inertia, stiffness 
and damping is investigated.
A MRE material is fabricated to develop an ATVA for experimental validation. With 
the MRE measured properties, an ATVA is designed and manufactured. Both designed 
and experimental results of ATVA modal frequency are in a good agreement. The 
ATVA can work in a frequency range from 10.75 to 16.5Hz (53% in relative change).
To validate the ATVA’s effectiveness, experimental testing is conducted for a 
powertrain test rig at the University of Technology, Sydney. The powertrain fitted with 
the ATVA is experimentally investigated. The experimental results show that with the 
ATVA the powertrain modal frequencies can be shifted far away from the resonant area. 
This finding confirms that the ATVA works effectively. The torsional MRE-based 
ATVA is a new device for vehicle powertrain vibration reduction.
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